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$u=u(x, t)$ l , H $Hf(x)=(1/ \pi)P\int_{-\infty}^{\infty}f(y)/(y-x)dy$
. (1
. (1
, Lax [3] :
$i\phi\text{ }+\ovalbox{\tt\small REJECT}+u\psi^{+}=0$ , (2a)
$\psi^{+}-q\psi^{-}+u^{*}\phi=0$, (2b)
$i\phi t-2ip\phi x+\phi_{xx}-2iu_{x}\psi^{+}=0$, (3a)
$i\psi_{t}^{\pm}-2ip\psi_{x}^{\pm}+\psi_{xx}^{\pm}+[(\pm i+H)(|u|^{2})_{x}]\psi^{\pm}=0$. (3b)
$P$, q , $\phi$ , $\sigma\psi^{\pm}(\equiv\pm(1/2)(1\mp iH)\psi\equiv\pm P\pm\psi)$ Jost


























, $w=\phi_{x}$ . (6a) (6b) D
$(r+w)_{t}=2(r+w)(.r+w)_{x}$ . (7)
$r+w$ w Hopf , $w(x, t)=w0|(x+2w(x, t)t)$





, (1) 1 [9] :
$u= \rho\frac{e^{-i\theta+\psi}+1}{e^{-i\theta+\phi}+1}e^{\dot{\iota}\chi+(\phi-\psi)/2}$ , (8)
$|u|^{2}= \rho^{2}-\frac{k\sinh\phi}{-\cos\theta+\cosh\phi}$ , (9)
$\theta=k$($x+$ ), $(c=V-v)$ , $(10a)$
$\chi=\frac{V}{2}(x+\frac{V}{2}t)$ , (10b)
$e^{2\phi}= \frac{(v+k+2\rho^{2})(v-k)}{(v-k+2\rho^{2})(v+k)}$ , (10c)
$e^{\psi}= \frac{v+k}{v-k}e^{\phi}$ . $(10d)$
$c,$ $k,$ $\rho,$ $V$ . $u$ $x$
[9], :
$k>0$ , $v+k<0$ , $v-k+2\rho^{2}<0$ . (11)
$\not\in \mathrm{a}\mathrm{e}$ (1) b $x’=x-Vt$ , $t’=t,$ $u’(x’, t’)=u(x, t) \exp[i\frac{V}{2}(x-\frac{V}{2}t)]$
(8) V . (9) $a=$ [ $\models|_{\mathrm{m}}^{2}$ $-|u|_{\min}^{2}$] $/2$
, (9) $a=k/\sinh\phi$ , (1Oc)
$a= \frac{1}{2\rho^{2}}\sqrt{\{(v+2\rho^{2})^{2}-k^{2}\}(v^{2}-k^{2})}$, (12)
. $v=-k$ , $v=k-2\rho^{2}$
. $k=0$ $(k, v)$ (11) .





. $c$ , $k,$ $v$ , \rho 4 , .
, Lax (2), (3) . , $\overline{\psi}^{\pm}$ $(\overline{\varphi}\pmarrow 1(|x|arrow\infty)$




. (13), (14) (3a)
$i\overline{\phi}_{t}$ -\phi -x $2iuP_{+}(u^{*}\overline{\phi})_{x}=0$ , (15)
. , (14), (15) (1)
.
$i(u^{*}\overline{\phi})t=[-(u^{*}\overline{\phi})_{x}+2ipu^{*}\overline{\phi}+2i|u|^{2}]_{x}-(|u|^{2})_{x}H(u^{*}\overline{\phi})-u^{*}\overline{\phi}H(|u|^{2})_{x}$. (16)
, $\overline{\phi}$ $p$ \phi - $= \sum_{n=1}^{\infty}\overline{\phi}_{n}/p^{n}$ , (14),
(16) . $p^{-n}$ :
$\overline{\phi}_{1}=-u,\overline{\phi}_{n+1}=-i\overline{\phi}_{n,x}+uP_{+}(u^{*}\overline{\phi}_{n})-,$ $n\geq 1$ , (17)
$i(u^{*}\overline{\phi}_{n})_{t}=[-(u^{*}\overline{\phi}_{n})_{x}+2iu^{*}\overline{\phi}_{n+1}]_{x}-(|u|^{2})_{x}H(u^{*}\overline{\phi}_{n})-u^{*}\overline{\phi}_{n}H(|u|^{2})_{x},$ $n\geq 1$ . (18)
Whitham . 2\pi $f(\theta)$
$<f>= \frac{1}{2\pi}\int_{0}^{2\pi}f(\theta)d\theta$ , (19)
. (18)
$I_{n,t}=2I_{n+1,x},$ $I_{n}\equiv<u^{*}\overline{\phi}_{n}>,$ $n\geq 1$ , (20)
149
. $fHg+gHf>=0$ . (17) 5
:
Il=–<r> (21a)
$I_{2}=- \frac{1}{2}<r^{2}+s>$ , (21b)
$I_{3}=<- \frac{1}{3}r^{3}$.–2sr+-2lrHr $u_{x}^{*}u_{x}>$ , (21c)
$I_{4}=<- \frac{1}{4}r^{4}+\frac{1}{2}sr^{2}+\frac{3}{4}r^{2}Hr_{x}-\frac{1}{2}r_{x}^{2}-\frac{3}{2}u_{x}^{*}u_{x}r+$ -43sHr $\frac{i}{2}$ (ux*xu $u_{xx}u_{x}^{*}$ ) $>,$ $(21d)$
$I_{5}=<- \frac{1}{5}r^{5}-\frac{1}{2}sr^{3}+\frac{2}{3}r^{3}Hr_{x}-\frac{5}{4}u_{x}^{*}u_{x}r^{2}-\frac{27}{16}rr_{x}^{2}-\frac{3}{16}s^{2}r+srHr_{x}$ -21r2Hsx+-4lr2H(r2)
$- \frac{1}{2}r(Hr_{x})^{2}+\frac{1}{2}sr_{xx}-i(u_{xx}^{*}u-u_{xx}u^{*})r+2u_{x}^{*}u_{x}Hr_{x}-\frac{3}{4}r_{xx}Hr_{x}+\frac{1}{4}$ sHs $u_{xx}^{*}u_{xx}>$ .
$(21e)$
$r=|u|^{2},$ $s=i(u_{x}^{*}u-u_{x}u^{*})$ . (8), (9) (21) , \mbox{\boldmath $\theta$}
:
$I_{1}=-\rho^{2}+k$ , (22a)
$I_{2}=- \frac{1}{2}(\rho^{4}+\rho^{2}V)+\frac{1}{2}ck$ , (22b)
$I_{3}=-( \frac{1}{3}\rho^{6}+\frac{1}{2}\rho^{4}V+\frac{1}{4}\rho^{2}V^{2})+\frac{1}{12}k(k^{2}+3c^{2})$, (22c)
$I_{4}=-( \frac{1}{4}\rho^{8},$ $+ \frac{1}{2}\rho^{6}V+\frac{3}{8}\rho^{4}V^{2}+\frac{1}{8}\rho^{2}V^{3})+\frac{1}{8}kc(c^{2}+k^{2})$, $(22d)$
$I_{5}=-( \frac{1}{5}\rho^{10}+\frac{1}{2}\rho^{8}V+\frac{1}{2}\rho^{6}V^{2}+\frac{1}{4}\rho^{4}V^{3}+\frac{1}{16}\rho^{2}V^{4})+\frac{1}{16}k(c^{4}+2k^{2}c^{2}+\frac{1}{4}k^{4})$ .
$(22e)$
$P,$ $Q,$ $U$, W
$P= \frac{1}{2}(c+k),$ $Q= \frac{1}{2}(c-k),$ $U= \rho^{2}+\frac{V}{2},$ $W= \frac{V}{2}$ . (23)
, $I_{n}$ :
$I_{n}= \frac{1}{n}(P^{n}-Q^{n}-U^{n}+W^{n}),$ $(n=1,2, \ldots, 5)$ . (24)
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, (24) (20) - , $P,$ $Q,$ $U,$ $W$ .








, . Whitham (25) Hopf
, .
, . , (25a), (25b)
$k_{t}-\omega_{x}=0,$ $(\omega=ck)$ , (27)
. k , $\omega$ , (27) .
(10a) $\theta_{t}=kc$ , \mbox{\boldmath $\theta$}x=k . , (1Ob)







. , $R_{+}=r+w_{\backslash }R$-=w Riemann ( (6b),
(7) ). ,
. 1 . $x\pm$ , R, $R_{+,x}$
.
1: $x$ Riemam
, $x\text{ }<x<x_{-}$ \sim (8)
, $x\pm$ $R\pm$ Hopf (28)
. 1 Riemann
. :
$R_{+}=Q,$ $R_{-}=W,$ $U=P$, at $x=x_{+}$ , (29a)
$R_{+}=U,$ $R_{-}=W,$ $P=Q$, at $x=x_{-}$ . (29b)
U=P (12), (23) $a=0$ , 1 $\mathrm{b}$
. , $P=Q$ $k=0$ , $\mathrm{c}$
. , $karrow \mathrm{O}$ , (9)
$|u|^{2}= \rho^{2}-\frac{2a}{a^{2}(x+d)^{2}+1}$ , (30)
. $c=V-v$ , $v$ 2 $+2\rho^{2}v+2\rho^{2}a=0$
((12) ).
$r(x,0)=1/2(x\leq 0),$ $r(x, 0)=1(x>0),$ $\phi(x,0)$
152
$=0(-\infty<x<\infty)$ . . $t=0$ $x=0$
. (29) (25) :
x+=-2 $x_{-}=-t$ , (31a)
$c= \frac{1}{2}(-\frac{x}{t}+1),$ $k=- \frac{1}{2}(\frac{x}{t}+1),$ $\rho=1,$ $V=0,$ $(-2t<x<-t)$ , (31b)
$\theta=-\frac{t}{4}(\frac{x}{t}+1)^{2},$ $(-2t<x<-t)$ , (31c)
$|u|^{2}=1- \frac{\frac{1}{2}(\frac{x}{t}+1)^{2}}{-\sqrt{-\frac{x}{t}(\frac{x}{t}+2)}\cos\theta+1}$, $(-2t<x<-t)$ , $(31d)$
$R_{+}=1,$ $R_{-}=0,$ $|u|^{2}=1,$ $(x\geq-t)$ , $(31e)$
$R_{+}= \frac{1}{2}$ $R_{-}=0,$ $|u|^{2}= \frac{1}{2}$ $(x\leq-2t)$ . $(31f)$
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